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The National Cancer Institute sponsored a Borderline Ovar-
an Tumor Workshop held in August 2003 in Bethesda, MD. This
eport was developed from discussions at the Workshop. The
articipants acknowledged several areas of disagreement on basic

erminology issues and agreed that a glossary with example images
ould help clarify many commonly misunderstood issues. This

eport defines terminology used in the pathological description of
orderline tumors and their variants, and illustrates examples of
ach of the most common entities. It also addresses controversial
spects of the definitions and issues involving specimen handling
nd reporting. For those issues where there is disagreement, the
erminology and diagnostic approaches reflecting the differing

iews are presented. n
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Key words: ovary, ovarian neoplasms, serous borderline tumor,
typical proliferative serous tumor, mucinous borderline tumor, atyp-
cal proliferative mucinous tumor, pseudomyxoma peritonei.

Abbreviations: APMT, atypical proliferative mucinous tumor;
PST, atypical proliferative serous tumor; BOT, borderline ovarian

umor; E-BOT, endometrioid BOT; FIGO, International Federation
f Gynecology and Obstetrics; M-BOT, mucinous borderline ovarian
umor; MPSC, micropapillary serous carcinoma; NMPSC, noninva-
ive micropapillary serous carcinoma; PMP, pseudomyxoma perito-
ei; S-BOT, serous borderline ovarian tumor; SM-BOT, seromuci-

ous borderline ovarian tumor; WHO, World Health Organization.
Words have subtle power. Phrases that we intend as
descriptions betray our notions of cause and ultimate
meaning.

Stephen Jay Gould1

The definitions and descriptions that constitute
his report were developed in follow-up of the Border-
ine Ovarian Tumor (BOT) Workshop held on August
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7 and 28 in Bethesda, MD. Areas of controversy and
isagreement described in this publication derive from
iscussions that took place at the conference, as well as
rom oral and electronic communications after the con-
erence. All participants were given the opportunity to
ave their views included and to review the final manu-
cript. All participants have approved this report, indi-
ating that they acknowledge that the report fairly char-
cterizes the range of opinions on the subjects covered.

Two sets of illustrations accompany this report.
hose printed in this issue show the most common
ppearances of the entities discussed. A more extensive
et of web-based images can be found at the following
RL:
ttp://borderlineovariantumors.pathology.uic.edu.

EROUS TUMORS
erous cystadenoma, serous cystadenofibroma
efinition:

A serous tumor lacking significant epithelial atypia
r epithelial proliferation.2 Foci resembling a serous
OT (S-BOT) may be present. Available data are insuf-
cient to define a quantitative threshold for distin-
uishing a cystadenoma with insignificant focal prolif-
ration from the earliest examples of an S-BOT, and
here was no general agreement on the cutoff point. In
ractice, most participants consider that tumors in
hich foci of S-BOT compose �10% of the tumor
hould be classified as serous cystadenoma, and believe
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TERMINOLOGY AND DIAGNOSTIC CRITERIA FOR BOT (Seidman et al)
hat the term S-BOT, if used at all, should not appear in
he diagnostic line, but rather should be confined to a
omment with the size of the focus. Some participants
refer to append the phrase “with focal atypia” or “with
ocal proliferation” to “serous cystadenoma” in the di-
gnostic line in such cases. The 10% cutoff assumes
areful gross examination and adequate directed sam-
ling of the tumor.

-BOT; atypical proliferative serous tumor (APST);
erous tumor of low malignant potential

Note: The majority of Workshop participants pre-
erred S-BOT over the other terms. There was no
greed-on preference for nonserous tumors. For con-
istency, in the remainder of this report the order of
hese terms is arbitrarily listed in the analogous order

IGURE 1. S-BOT/APST. This tumor is composed of large and sm
inimal (A) to more extensive (B and C). Hierarchical branch

troma and tangentially sectioned papillae in (B) are charac
eatures.
or the serous tumors. 3

919
efinition:

These tumors occupy a unique morphological
one between serous cystadenomas and serous carcino-
as. They are distinguished from cystadenomas by ob-

ious epithelial proliferation and tufting. As noted ear-
ier, in practice most participants consider involvement
f at least 10% of the tumor sufficient to warrant the
esignation S-BOT. S-BOTs are separated from carci-
omas by the absence of ovarian stromal invasion that
xceeds the amount designated as “microinvasion” (see
elow).

escription:

Low-power examination generally reveals an intra-
ystic, complicated papillary proliferation with hierar-
hical branching (Fig 1A, B, and C), although in up to

apillae with a range of epithelial stratification and tufting, from
is best seen in (B). Glands containing papillae embedded in
tic. (D) High magnification shows the low-grade cytological
all p
ing
teris
0% of cases, the tumor may be exophytic or comprise



a
“
p
p
t
s
C
e
i
s
a
a
1
b

h
1
c
n
t
T
S
n
m
M
M
a
a
c

A
c
c
i
p
s
t
t
[
i
c
w
t
n
p
h
f
p
fi
a

S
t

t
c
l
t
t
m

M
w
m
m
(

f

D

t
m

D

g
c
c
h
p
t
a
b
o
t

a
s
o
a
w
(
t

m
a
b
l

HUMAN PATHOLOGY Volume 35, No. 8 (August 2004)
mixture of intracystic and exophytic components.
Hierarchical” refers to the presence of large-caliber
apillae that branch successively into smaller-sized pa-
illae. Calcifications are often present. The cells lining
he papillae are tufted and stratified, and frequently
ingle cells or clusters of cells appear detached (Fig 1B,
, and D). The complex arrangements of papillae,
specially when tangentially sectioned, may create the
mpression of glands containing papillae embedded in
troma (Fig 1B). These noninvasive elements maintain
characteristic distribution and are not surrounded by

n edematous or desmoplastic stromal response (Fig
B). Stromal invasion exceeding “microinvasion” (see
elow) is not permitted in S-BOTs.

The constituent cells are cuboidal and columnar,
ave eosinophilic cytoplasm, and may contain cilia (Fig
D). A limited spectrum of cytological features is typi-
al, with some cells resembling those of serous cystade-
oma and others having features intermediate between

hose of cystadenoma and low-grade serous carcinoma.
he nuclei are round to oval with smooth contours.
ome tumors contain cells with grooved or creased
uclei. The chromatin may be dark-staining, but when
ore open, small nucleoli may be evident (Fig 1D).
acronucleoli are not seen. Mitotic figures are sparse.
orphologically noninvasive tumors with the typical

rchitecture of S-BOT but with severe (grade 3) nuclear
typia are uncommon, and their classification is un-
lear2 (see Appendix A).

Some participants3-6 object to the use of the term
PST because they feel that this term (a) does not
onvey the potential for tumor recurrence; (b) may
ause confusion in international communication which
s essential for comparison of treatment results and
erformance of epidemiological and other research
tudies; (c) is not accepted by international organiza-
ions (ie, World Health Organization [WHO], Interna-
ional Federation of Gynecology and Obstetrics
FIGO]); (d) might disrupt FIGO staging; (e) would
nterfere with reporting to cancer registries; (f) may
ause these patients to be lost to follow-up; and (g)
ould discourage complete surgical staging. In addi-

ion, these participants noted that the large number of
ontumor deaths reported (see below) occurred in
atients treated in the 1970s and 1980s with Alkeran (a
ighly toxic agent no longer used for ovarian cancer)

or 24 or 36 months, and that the studies cited by
roponents of the APST terminology did not have suf-
ciently long follow-up from which to draw conclusions
bout tumor behavior.

Some participants object to the use of the terms
-BOT and “serous tumor of low malignant poten-
ial”4,7-9 for the following reasons:

1. These terms imply a type of “cancer,” leading
many patients with these tumors (82% in one
report10) to believe they have cancer.

2. Published data based on many retrospective
studies and 6 prospective studies demonstrate a
99.5% survival rate for stage I tumors and a 98%

to 100% survival rate for advanced-stage tumors l
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with noninvasive implants7,11 Tumors with inva-
sive implants are considered separately, because
survival after a mean of 7.4 years is 66%, which
suggests that they are low-grade carcinomas.11

3. Studies that have reported recurrences usually
have not provided pathologic documentation.

4. Deaths are more often due to a complication of
therapy than due to tumor.12

5. The extent of histological sampling, and thus
the likelihood that occult invasion was not sam-
pled in cases that appear to have behaved ag-
gressively, is often not described.11

These participants maintain that the apparent “in-
ermediate” behavior of these tumors is an artifact of
ombining a large group of benign tumors (ie, S-BOT
acking invasive implants or a micropapillary architec-
ure) with a smaller group of malignant tumors (ie,
hose with invasive peritoneal implants or those with a

icropapillary architecture).4,7,8

icropapillary S-BOT; serous borderline tumor
ith micropapillary features; noninvasive
icropapillary serous carcinoma (NMPSC);
icropapillary serous carcinoma

MPSC)2,11,13-21

Note: The majority of Workshop participants pre-
erred the term “micropapillary S-BOT.”

efinition:

An S-BOT that contains at least one area of unin-
errupted micropapillary growth measuring � 5 mm in

aximum dimension and lacking stromal invasion.

escription:

A nonhierarchical papillary distribution distin-
uishes micropapillary S-BOT from typical S-BOT. Mi-
ropapillary S-BOT is marked by large-caliber fibrovas-
ular cores entirely surrounded by long, slender,
airlike micropapillae creating a “Medusa’s head” ap-
earance (Fig 2A, B, and C). One group has suggested
hat the micropapillae are five times longer than they
re wide.19 Micropapillary S-BOT may also feature fi-
rovascular cores surrounded by cribriform epithelium
r a mixture of micropapillary and cribriform architec-
ural patterns (Fig 2C).

The cytological features of micropapillary S-BOT
re similar to those of typical S-BOT, but usually with
lightly more atypical nuclear features and more nucle-
lar prominence (Fig 2D). Areas of grade 1 nuclear
typia with a monotonous appearance often coexist
ith areas exhibiting grade 2 nuclear features. If severe
grade 3) nuclear atypia is present, then the classifica-
ion is unclear (see Appendix A).

Stromal invasion quantitatively beyond that per-
itted for microinvasion is not present. Carcinomas

ssociated with micropapillary S-BOT are uncommon,
ut when they occur, they typically are cytologically

ow-grade and demonstrate an infiltrative micropapil-
2,13-15
ary and/or cribriform architecture.
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TERMINOLOGY AND DIAGNOSTIC CRITERIA FOR BOT (Seidman et al)
Some participants object to the terms MPSC and
MPSC, because they believe that the behavior of these

umors is more akin to that of typical S-BOTs.4-6,22

hese participants point out that both micropapillary
-BOT (ie, MPSC/NMPSC) and typical S-BOT share
he same risk factors for recurrence and that the prog-
osis for both lesions is equivalent when controlled for

hose risk factors (most notably, the presence or ab-
ence of invasive implants). These participants there-
ore object to the use of terms that imply malignancy,
specially when invasive implants are not found.

Participants who prefer the terms MPSC and
MPSC4,7-9 point out that about 50% of all reported

ases of advanced stage micropapillary S-BOT have
een associated with invasive peritoneal implants.13-21

his observation suggests that the primary ovarian mi-
ropapillary tumor may be analogous to carcinoma in
itu. Other participants note that these studies have

IGURE 2. Micropapillary S-BOT. This tumor contains micropap
nd thus is classified as micropapillary S-BOT. In (A), note the c
rowth at the bottom. There is more extensive proliferation i
brovascular cores without hierarchical branching. Both micro
agnification illustrates a micropapillary S-BOT with cytologica
iagnosis.
een composed almost exclusively of consultation cases u

921
nd thus may reflect consultation bias and may not be
epresentative of the general population.5

-BOT with microinvasion; S-BOT with
icroinvasive carcinoma2,3,23-29

Note: Some participants believe that the use of the
erm “microinvasive carcinoma” in the pathology re-
ort is not wise and can lead to possibly unnecessary
taging procedures and overtreatment.

efinition:

Different size criteria have been used to define the
pper limit for inclusion in this category. The most
idely accepted criterion in the literature is that no

ingle focus of invasion measures �3 mm in greatest
inear dimension (many participants prefer 5 mm). A

aximum area of 10 mm2 for each focus has also been
3,24,25,29

growth in an area measuring greater than 5 mm in diameter
ast between an area of S-BOT at the top and micropapillary
, which shows long, slender micropapillae surrounding large
illary and cribriform growth patterns are seen in (C). (D) High
pia close to the high end of the spectrum permitted for this
illary
ontr

n (B)
pap
l aty
sed. Multiple foci of invasion are permitted.
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here are insufficient outcome data to support or re-
ute any of these recommendations.

escription3,2,24,25,29:

S-BOT with microinvasion and S-BOT with micro-
nvasive carcinoma share the aforementioned size cri-
eria. Some participants use the 2 terms interchange-
bly. Others use the terms for 2 different
orphological patterns, as follows:

● S-BOT with microinvasion is believed by some
participants to be characterized by single cells or
small clusters of epithelial cells with eosinophilic
cytoplasm budding off the base of the epithelium
into the stromal cores of the papillae (Fig 3A).
This is the most common appearance.

● S-BOT with microinvasive carcinoma is believed
by some participants to be characterized by 1 or
more foci architecturally resembling invasive low-

IGURE 3. S-BOT with microinvasion/microinvasive carci-
oma. (A) The most commonly encountered type is isolated
ells or small groups of cells in stroma, with surrounding retrac-

ion spaces. This is referred to as S-BOT with microinvasion. (B)
ome investigators also classify proliferations resembling low-
rade serous carcinoma as S-BOT with microinvasion, but oth-
mrs use the term “S-BOT with microinvasive carcinoma.”

922
grade serous carcinoma appearing to arise within
an S-BOT (Fig 3B). Typical patterns include
nests and/or glands with a cribriform pattern
and rounded aggregates of papillae. This type of
invasion is relatively uncommon.

XTRAOVARIAN LESIONS ASSOCIATED WITH
EROUS TUMORS
eritoneal endosalpingiosis (benign müllerian

nclusions)

efinition:

A common peritoneal lesion generally composed
f a single gland or aggregates of glands lined by in-
ocuous-appearing flattened, cuboidal, or columnar
erous cells that are frequently ciliated.

escription:

Minor degrees of atypia, epithelial tufting, and
lunt papillae may occur in endosalpingosis. Greater
egrees of proliferation are more characteristic of the
oninvasive epithelial implants often associated with
-BOT.

oninvasive peritoneal implant2,3,11,13-17,30-37

efinition:

A serous-type epithelial proliferation that involves
eritoneal surfaces and lacks invasion.

escription:

Two types of noninvasive peritoneal implants have
een designated: “epithelial” and “desmoplastic.” The
oninvasive epithelial implant is characterized by a pap-

llary proliferation of serous epithelium that lines or
ppears “tacked on” to the peritoneal surface and does
ot demonstrate invasion of underlying tissue (Fig 4A).
t is often found in smoothly contoured mesothelial-
ined invaginations beneath the peritoneal surface.
here is minimal to mild cytological atypia and no
itotic activity (Fig 4B). Psammomatous calcification is

ommonly present. The lesion often resembles the as-
ociated ovarian tumor.

The noninvasive desmoplastic implant is domi-
ated by a granulation tissue–type fibroblastic prolifer-
tion that appears as a plaque on the peritoneal surface
nd contains small papillae, glands, or single cells (Fig
A). Glands or gland-like structures are scattered, but
re much less conspicuous than the fibroblastic com-
onent (Fig 5B, C, and D). Some investigators believe
hat the glandlike elements often resemble a reactive

esothelial proliferation. This type of implant often
as a pseudoinvasive pattern that may lead pathologists
nfamiliar with this entity to diagnose invasive carci-
oma. When studying the lesion at low magnification, it

s easy to draw a line between the implant and the
djacent tissue. Acute and/or chronic inflammation is
ommon. Cytological atypia is usually mild (Fig 5D) but

ay be moderate and is very rarely marked. Mitotic
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TERMINOLOGY AND DIAGNOSTIC CRITERIA FOR BOT (Seidman et al)
ctivity is usually absent. The appearance of isolated
ingle cells in the stroma, usually with abundant eosin-
philic cytoplasm, has been interpreted as a form of

nvasion by a few investigators (even though it is not
ssociated with a high recurrence rate), but most con-
ider this a feature of the noninvasive desmoplastic
mplant. Of note, the term “desmoplastic” itself may be
onfusing, because in nearly all other settings it refers
o a stromal response to invasive carcinoma. In addi-
ion, some of the stromal cells may be keratin-positive
ubmesothelial cells (ie, multipotential subserosal cells)
ather than myofibroblasts.38 For these reasons, a few
articipants recommend avoiding the term “desmoplas-
ic” and simply using “noninvasive implant.” However,
ome participants believe that the use of the term “im-
lant” is misleading, because available data are insuffi-
ient to prove whether these peritoneal lesions actually
riginate from the ovarian tumor or arise in situ from

IGURE 4. Noninvasive epithelial implant. (A) Low magnifica-
ion shows papillary structures of differing caliber with promi-
ent psammomatous calcification on the surface of an infold-

ng of peritoneum. There is no invasion of underlying
ubperitoneal tissue. (B) Higher magnification shows relatively
inimal cytological atypia.
he peritoneum. “

923
nvasive peritoneal implant; invasive serous
arcinoma2,3,11,13-17,30-37

efinition:

A serous type of epithelial proliferation involving
he peritoneum that displays invasion of adjacent or
nderlying tissue and usually closely resembles serous
arcinoma, usually low-grade serous carcinoma.

escription:

These lesions usually exhibit a haphazard infiltra-
ive growth pattern characteristic of invasive carcinoma
n virtually all other body sites (Fig 6). The invasion
ypically involves the peritoneum, subperitoneal tissue,
nd omentum and may also involve visceral structures,
uch as the bowel. Destruction of the normal architec-
ure of the invaded tissue can usually be identified if the
ample includes sufficient underlying tissue. Infiltrative
lands, solid nests, and/or papillary structures are
resent (Fig 6A and B). Cytological atypia is usually
ild or moderate; occasionally, severe cytological

typia resembling high-grade serous carcinoma is seen
Fig 6C). A few investigators also consider the presence
f a micropapillary architecture and small solid nests of
ells surrounded by a space or cleft evidence of inva-
ion,37 but most do not.

Distinguishing an invasive implant from a nonin-
asive implant is sometimes very difficult. The repro-
ucibility of this distinction has not been formally
ested. The most reliable feature that distinguishes the

entities is the presence or absence of invasion. Most
nvestigators require invasion of underlying tissue to be
resent to diagnose an invasive implant, whereas others
elieve that underlying tissue invasion is not always
eeded to make the diagnosis of an implant associated
ith a poor outcome. These participants maintain that

mplants lacking unequivocal invasion but displaying a
icropapillary architecture or small solid nests of cells

urrounded by a space or cleft merit a diagnosis of
nvasive implant/invasive serous carcinoma, because
hey are associated with a poor outcome.37 Accordingly,
hese investigators prefer designating these lesions, as
ell as those showing unequivocal invasion, as “low-
rade serous carcinoma” rather than as “invasive im-
lant,” acknowledging their morphology and their
oor prognosis. This overcomes the oxymoron of clas-
ifying lesions that resemble carcinoma and are associ-
ted with a poor outcome as “S-BOT with invasive im-
lants,” even if clear-cut invasion is not present.

-BOT associated with serous epithelium in
ymph nodes (lymph node
nvolvement)2,11,26,28,39,40

efinition:

Lymph node(s), usually from the pelvic or periaor-
ic regions, containing a serous epithelial proliferation
losely resembling the ovarian S-BOT. (Note: Because
f these lesions’ uncertain origin, the use of the term

metastatic” is not recommended.)
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TERMINOLOGY AND DIAGNOSTIC CRITERIA FOR BOT (Seidman et al)
escription:

These lesions often occupy subcapsular sinuses
nd have 2 patterns. One pattern is characterized by
apillae that form rounded or nodular lesions and are
requently associated with endosalpingiosis (benign

üllerian inclusion glands/cysts)(Fig 7A). Histological
eatures of tissue invasion are not present. The other
attern is characterized by single cells and small clus-
ers of rounded cells with eosinophilic cytoplasm in the
odal sinuses, similar to the cells seen with the more
ommon type of microinvasion (see above). Some in-
estigators believe that in some cases these are “de-
orted” benign mesothelial cells and in other cases they
ay reflect “deported” epithelial cells from the surface

f the ovarian neoplasm. Of note, mesothelial cells may
ccasionally be present in large amounts in lymph
odes of patients with S-BOT (Fig 7B).41

S-BOT involving lymph nodes must be distin-
uished from other lesions. Endosalpingosis is by far
he most common problem and is generally identical to
ts counterpart in the peritoneum (see above). These
esions can be found in the lymph node capsule, inter-
ollicular zone, or perinodal soft tissue but are not
resent in the subcapsular sinuses (Fig 7A). A diagnosis
f carcinoma should be considered when one encoun-
ers more than moderate cytological atypia, tumorous
eplacement of the nodal parenchyma, or an edema-
ous or fibroblastic stromal response.

It is unknown whether these lesions are clonally
elated to the associated ovarian neoplasm (akin to a
etastasis) or are independent. Some participants be-

ieve that because they do not adversely affect the prog-
osis (ie, the prognosis is excellent), and have not been
roven to be clonally related to the ovarian tumor, they
hould not be considered “metastatic.”11

ucinous cystadenoma
efinition:

A mucinous tumor composed of gastrointestinal-
ype epithelium lacking significant cytological atypia or
pithelial proliferation.2,3 Foci resembling mucinous
OT (M-BOT) may be present. Although there was no
greement on the cutoff, in practice most participants
llow this component to compose �10% of the tumor.
n this latter situation, the diagnosis should be muci-
ous cystadenoma, and the M-BOT designation, if used
t all, should be confined to a comment with the size of
he focus and omitted from the diagnostic line. The
hrase “with focal atypia” or “with focal proliferation”
ay also be appended to “mucinous cystadenoma” in

uch cases. Of note, as with the serous tumors, there are
o published data on which to evaluate the 10% crite-

ion. n

hobnail appearance of the epithelium is apparent.

925
-BOT, gastrointestinal type; atypical
roliferative mucinous tumor (APMT),
astrointestinal type; mucinous tumor of low
alignant potential, gastrointestinal type2,3,42-46

efinition:

These are mucinous tumors composed of gastroin-
estinal-type mucinous epithelium with atypical architec-
ural and cytological features more marked than those
een in cystadenoma. In practice, most participants diag-
ose M-BOT when this component occupies at least 10%
f the tumor. Stromal invasion is absent or, if present,
oes not exceed the amount that qualifies for microinva-
ion.

escription:

M-BOTs are characterized by glands and cysts of
arying sizes and shapes separated by variable amounts of
varian-type stroma in which the epithelial structures may
e markedly crowded. The epithelium in some areas is
ingle-layered, resembling mucinous cystadenoma. Areas
f complex proliferation are marked by admixtures of
ridging, stratification, and elongated simple or complex
illous-like projections containing coarse or fine fibrovas-
ular cores (Fig 8). The epithelium contains goblet cells,
nd the remaining epithelium resembles gastric foveolar
pithelium. Cells with neuroendocrine granules may be
resent. There is a spectrum of nuclear atypia and mitotic
ctivity that varies greatly among tumors and even in
ifferent areas of the same tumor (Fig 8). No well-docu-
ented cases with peritoneal implants have been re-

orted. Localized collections of peritoneal mucin with or
ithout rare epithelial cells may be seen when M-BOTs
upture. This condition should not be considered perito-
eal implantation or pseudomyxoma peritonei (PMP)
see below).

Some participants object to the terms M-BOT and
mucinous tumor of low malignant potential,” because
hey imply a type of “cancer.”2,7,8 The vast majority (about
5%) of women with M-BOTs that appear to be in ad-
anced stage have the syndrome of PMP, which is now
nown to be of gastrointestinal origin.2,45 Published data
ail to corroborate malignant behavior in the remaining
atients inasmuch as the survival rate is virtually 100%
fter excluding patients with PMP and with other meta-
tatic carcinomas to the ovary, typically from the pancreas,
iliary tract, or cervix, that can mimic an M-BOT.7,8

Some participants object to the use of the term
PMT, because it may create confusion in international
ommunication, which is essential for comparison of
reatment results and performance of epidemiologic and
ther research studies. The term APMT also does not
ommunicate the potential for recurrence, might lead to
atients being lost to follow-up, is not accepted by inter-

ational organizations (WHO, FIGO), may interfere with
™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™
IGURE 5. Noninvasive desmoplastic implant. (A) Low magnification shows an appearance dominated by a fibroblastic,
ranulation tissue-like proliferation forming a plaque-like lesion on the peritoneal surface, which is seen at the left and top. (A, B,
, and D) Scattered glands/gland-like structures are present and do not display an infiltrative pattern. The stroma is loose and has
sparse inflammatory infiltrate. (D, inset) Higher magnification shows mild to moderate cytological atypia and no mitotic activity.
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IGO staging and with cancer registry reporting, and
ould discourage complete staging. In addition, some
elieve that the term M-BOT should be retained because
f the heterogeneity of mucinous tumors and the diffi-
ulty of ruling out carcinoma, and that on rare occasions,
ome M-BOTs in cases with a negative appendix may be
esponsible for PMP (see below).

eromucinous BOT (SM-BOT); atypical
roliferative seromucinous tumor; müllerian
ucinous borderline tumor; atypical

roliferative müllerian mucinous tumor;
ucinous borderline tumor, endocervical-like

ype; atypical proliferative mucinous tumor,
ndocervical-like type; mixed epithelial
orderline tumor; mixed epithelial type atypical
roliferative tumor.46-49

efinition:

A neoplasm characterized by complex epithelial

roliferation without stromal invasion, architecturally
IGURE 6. Invasive implant. (A) Low magnification and (B)
ntermediate magnification show a haphazard infiltrative pat-
ern of small glands and solid nests. Many of the nests are
urrounded by a space. (C) High magnification shows moder-
te cytological atypia. Both (B) and (C) show a prominent
hronic inflammatory infiltrate. (Figure 6A courtesy of Dr. Jaime
rat.)
 IGURE 7. S-BOT with lymph node involvement. (A) S-BOT

upper right) is contrasted with endosalpingiosis (lower left). (B)
esothelial cells in subcapsular sinuses can cause diagnostic
onfusion with S-BOT and metastatic carcinoma. Endosalpin-

osis is also present.
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TERMINOLOGY AND DIAGNOSTIC CRITERIA FOR BOT (Seidman et al)
esembling S-BOT, composed of endocervical-type mu-
in-containing cells. Many examples contain an admix-
ure of cell types, including not only endocervical-type
ells, but also serous, endometrioid, squamous, and
ndifferent (uncommitted) cells. It is unclear whether
hese are variants of the same tumor or represent re-
ated but different entities. Some participants prefer to
lassify these tumors as a variant of serous tumor, be-
ause the architecture, association with implants, and
orphology of the implants more closely resemble

hose of S-BOT.

escription:

Low-power examination reveals an architecture
imilar to that of S-BOT with a complicated, hierarchi-
al papillary growth with epithelial stratification and
ufting (Fig 9A). The nuclear features are grade 1 or 2,
nd mitotic figures are sparse (Fig 9B). The cytoplasmic
haracteristics differ from those of S-BOT, however.
ndocervical-type mucinous cells are columnar and
ontain apical cytoplasmic mucin that ranges from eo-
inophilic to amphophilic to lightly basophilic (Fig 9B).

IGURE 8. M-BOT, gastrointestinal type. Intermediate magni-
cation shows a cystic tumor with stratified epithelium. (Inset)
igh magnification shows a cyst lined by columnar cells with
ucinous cytoplasm and low nuclear-to-cytoplasmic ratio.

he nuclei are round to oval, basally situated, and demon-
trate only mild atypia. Goblet cells are also present.
erous or endometrioid differentiation, if present, re- c

927
embles that seen in their pure counterparts. Endo-
etrioid cells may also have secretory features or squa-
ous metaplasia. Indifferent or uncommitted cells are

uboidal, with eosinophilic cytoplasm (Fig 9B). Gastro-
ntestinal differentiation (the presence of goblet cells,
aneth cells, or argyrophil cells) is not observed. Neu-
rophils tend to be numerous (Fig 9A).

Like S-BOTs, SM-BOTs may be associated with
eritoneal endosalpingiosis. More specifically, and in
ontrast with S-BOTs, the incidence of associated en-
ometriosis is quite high (approximately 40%48,49).
lso like S-BOTs, SM-BOTs can demonstrate micropap-

llary architecture, microinvasion, lymph node involve-
ent, and destructive stromal invasion (in which case

hey are considered carcinomas or SM-BOTs with mi-
roinvasion).47 The available data on SM-BOTs, espe-
ially those demonstrating microinvasion, are limited.
hus far, none have behaved in a malignant fashion.

IGURE 9. SM-BOT. (A) The low-power appearance resem-
les that of S-BOT. A few clusters of neutrophils are seen. (B)
igh-power examination reveals columnar cells with apical
ucin, endocervical-type cells, and cuboidal cells with dense
ytoplasm.
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-BOT with intraepithelial carcinoma; M-BOT
ith carcinoma in-situ; M-BOT with noninvasive

intraglandular) mucinous carcinoma2,3,42-45,47

efinition:

M-BOT with areas exhibiting the cytological fea-
ures of carcinoma but not demonstrating stromal in-
asion (ie, carcinoma in situ). (A few participants object
o the use of the term “carcinoma in situ” because the
ells are not replacing preexisting normal ovarian sur-
ace epithelium.)

escription:

These tumors usually arise in a background of
ucinous cystadenoma and M-BOT. The criteria for

his diagnosis have varied. Common to nearly all of the
roposed definitions is the presence of cytologically
alignant features coupled with the absence of stromal

nvasion, and thus this is the recommended approach
Fig 10).

Some investigators have suggested an amount of
omplex proliferation as the upper limit allowable for
ntraepithelial carcinoma. Accordingly, labyrinthine ar-

IGURE 10. M-BOT with intraepithelial carcinoma. (A) This in-
raepithelial carcinoma at intermediate magnification is char-
cterized by a cribriform architecture. (B) Intraepithelial carci-
oma at high magnification shows columnar cells with
ytologically malignant features. There is an increased nu-
lear-to-cytoplasmic ratio and the nuclei are enlarged, round

o oval, show variation in size and shape, and contain promi-
ent nucleoli and irregularly distributed chromatin.
hitecture with cytologically malignant epithelium with M

928
inimal or no intervening stroma that measures
reater than the amount that qualifies for microinva-
ion (see below) qualifies as the confluent glandular or
xpansile pattern of invasive mucinous carcinoma.

-BOT with microinvasion; microinvasive M-BOT;
icroinvasive mucinous carcinoma2,3,23,29,42-47

efinition:

M-BOT with one or more foci of stromal invasion.
oth 3 and 5 mm have been used as upper limits for
ach microinvasive focus; 10 mm2 has also been used as
maximum area for each focus. Invasion beyond these

imits warrants a diagnosis of invasive mucinous carci-
oma. As with the corresponding serous tumors, some

nvestigators separate microinvasive mucinous carci-
oma from M-BOT with microinvasion, and others use

he terms synonymously. In one report,44 ”mucinous
orderline tumor with microinvasion” is used for those
umors lacking intraepithelial carcinoma, and “muci-
ous borderline tumor with microinvasive carcinoma”

s used for those containing intraepithelial carcinoma.
s noted earlier for the analogous serous tumors, some
articipants believe that the use of the term “microin-

IGURE 11. M-BOT, gastrointestinal type, with microinvasion.
he microinvasive area illustrated here shows a focus of irreg-
lar nests that are haphazardly arranged within stroma and
ssociated with a stromal reaction. This type of microinvasion is
lso referred to by some participants as “microinvasive carci-
oma.” (Inset) Some of the nests are surrounded by a clear
pace. Other areas of the tumor exhibited classic features of

-BOT, gastrointestinal type (not shown).
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TERMINOLOGY AND DIAGNOSTIC CRITERIA FOR BOT (Seidman et al)
asive carcinoma” in the pathology report is not wise
nd can lead to possibly unnecessary staging proce-
ures and overtreatment.

escription:

One or more foci of invasion arise in a background
f M-BOT and are either isolated in the stroma or bud
ff of the adjacent glands or cysts (Fig 11). The invasive
oci have irregular glands, nests, or individual cells
ften surrounded by a clear space. They may show
aphazardly infiltrative arrangements (Fig 11). Alterna-

ively, they may appear as a confluent glandular pat-
ern. The invasive cells may have abundant, dense eo-
inophilic cytoplasm, and their nuclei can have the
ame degree of atypia present in the background M-
OT or show more marked atypia. The stroma may

how an altered response. Dissection of acellular mucin
n the stroma (pseudomyxoma ovarii) does not consti-
ute invasion, but if extensive should raise the possibil-
ty of an extraovarian primary tumor. (See the discus-
ion of PMP below and the article by Ronnett et al
lsewhere in this issue.) Some of those who separate
icroinvasive mucinous carcinoma from M-BOT with
icroinvasion consider the eosinophilic cells budding

nto the stroma as M-BOT with microinvasion and the
ther invasive patterns more characteristic of overt car-
inomas as microinvasive mucinous carcinoma.

MP and associated ovarian tumors;
isseminated peritoneal adenomucinosis;
eritoneal mucinous carcinomatosis; superficial
rganizing mucin; dissecting mucin with fibrosis;
varian involvement by low-grade appendiceal
ucinous neoplasm2,3,43,50-53

Note: These are not synonymous terms; see the
rticle by Ronnett et al elsewhere in this issue.

efinition:

PMP is a descriptive term that refers to the opera-
ive findings of mucinous ascites and/or mucoid nod-
les attached to peritoneal surfaces, usually associated
ith mucinous tumors in the ovary and appendix and
ccasionally other sites. Most participants believe that
MP should be used only as a clinical descriptor, not as
pathological diagnosis. These tumors are nearly al-

ays extraovarian in origin and should not be classified
s primary ovarian tumors.

escription:

Superficial organizing mucin occurs on the sur-
aces of the peritoneum or ovaries and is composed of
dherent mucin containing capillaries, fibroblasts, and
esothelial and inflammatory cells. Dissecting mucin
ith fibrosis (which in the ovary is designated
pseudomyxoma ovarii”) consists of pools of mucin
urrounded by dense collagenous tissue. These 2 con-
itions typically display low cellularity in the mucin
ools as strips of architecturally and cytologically low-

rade mucinous epithelium, and can also be referred to t

929
s “disseminated peritoneal adenomucinosis.” Most
articipants recommend reporting whether or not ep-

thelium is present and, if so, whether it is benign or
typical. This condition is virtually always derived from
ruptured or dissecting low-grade mucinous neoplasm
f the appendix, and thus the ovarian tumors can also
e referred to descriptively as “ovarian involvement by

ow-grade appendiceal mucinous neoplasm.”
Metastatic mucinous carcinoma/peritoneal muci-

ous carcinomatosis is characterized by malignant mu-
inous epithelium, usually in the form of glands and/or
ignet ring cells and associated with pools of extracel-
ular mucin. This is nearly always a metastatic neoplasm
rom a mucinous carcinoma of the appendix or intes-
ines.

ndometrioid BOT (E-BOT), clear cell, and
renner (transitional cell) tumors
efinition:

A tumor composed of endometrioid-type epithe-
ium that displays a degree of proliferation, atypia, or
oth beyond that seen in an endometrioid adenofi-
roma.

escription:

The 2 histological patterns of this tumor are (1) an
denofibromatous architecture with markedly crowded
lands, with architectural complexity resembling that
een in complex endometrial hyperplasia, and (2) a
illoglandular-type papillary proliferation resembling
ell-differentiated endometrioid adenocarcinoma of

he villoglandular type. An origin in endometriosis is
ommonly seen. Squamous (morular) metaplasia may
e seen. The number of reported cases of these tumors
ssociated with peritoneal implants is exceedingly
mall, and thus a reliable definition of this type of
mplant is not available.

Some participants object to the terms “borderline”
nd “low malignant potential” for the endometrioid,
lear cell, and transitional (Brenner) cell variants be-
ause they imply a type of “cancer.” These tumors are
ery rare, and there are no well-documented tumor
eaths.7,8 Hence, in the opinion of these participants,

here are insufficient data to conclude that these tu-
ors have any malignant potential. Some participants

o not feel that it is appropriate to include these 3
ncommon types of borderline tumors in this report
ecause these types were only briefly discussed at the
eeting. Other participants feel that excluding these

umors from this report would introduce a bias because
f their benign behavior.

-BOT with microinvasion
efinition:

An E-BOT with 1 or more foci of invasion, each �5
m. Alternatively, or in addition, an invasive area of up

2
o 10 mm for each focus has been suggested.
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escription:

Invasion in an endometrioid tumor may have an
rregular infiltrative pattern of endometrioid glands or

confluent proliferation of endometrioid glands
nd/or villoglandular papillae resembling well-differ-
ntiated endometrioid adenocarcinoma of the endo-
etrium.

-BOT with intraepithelial carcinoma
efinition:

An E-BOT displaying glands and/or papillae lined
y epithelium with cytologically malignant features but

acking stromal invasion.

lear cell borderline tumor; atypical
roliferative clear cell tumor; clear cell tumor of

ow malignant potential2,3

efinition:

A clear cell neoplasm resembling clear cell adeno-
broma but displaying significant epithelial atypia
nd/or epithelial proliferation beyond that usually
een in an adenofibroma and lacking invasion. In situ
nd microinvasive forms have not been defined, nor
ave cases with peritoneal implants been reported.

escription:

These tumors are extremely rare and difficult to
iagnose. Some clear cell carcinomas, usually those
ith a predominantly tubulocystic pattern, display very
inimal atypia. In addition, the patterns of stromal

nvasion seen in clear cell carcinomas are often subtle,
articularly in small or sparsely sampled tumors.

renner (transitional cell) tumor of borderline
alignancy; atypical proliferative Brenner

transitional cell) tumor; Brenner (transitional
ell) tumor of low malignant potential2,3

efinition:

A Brenner/transitional cell neoplasm that displays
ytological atypia and/or epithelial proliferation be-
ond that seen in a benign Brenner tumor and lacks
nvasion. In situ and microinvasive forms have not been
learly defined, nor have cases with peritoneal implants
een reported.

escription:

These tumors usually resemble papillary transi-
ional cell neoplasms of the urinary tract. A benign
ransitional cell (Brenner) component may be present.
he presence or absence of a benign Brenner compo-
ent determines whether the tumor is a borderline/
typical proliferative Brenner tumor or a borderline/
typical proliferative transitional cell tumor, respec-

ively. c
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PPENDIX A: GENERAL DEFINITIONS
aximum size of an invasive focus.

The maximum linear dimension of a focus of in-
asion in a single section. This measurement includes
he stroma between the invading cells. Sizes of separate
oci of invasion should not be added together for diag-
ostic purposes. Of note, the maximum dimension is a
urrogate measure of invasive tumor volume, which is
ifficult to assess histologically.

rea of an invasive focus.

The area of a focus of invasion is measured in
quare millimeters and including the stroma between
nvading epithelial elements. Areas of separate foci of
nvasion should not be added together for diagnostic
urposes.

iameter–area relationships.

Area of a circle with diameter of 3 mm: 7.1 mm2.
Area of a circle with diameter of 5 mm: 19.6 mm2.
Diameter of circle with an area of 10 mm2: 3.56

m.
Side of a square with an area of 10 mm2: 3.16 mm.

roportion of a tumor involved by a histological
attern.

This is determined by estimating the combined
rea of the component (including the stroma) on all
ections as a fraction of the total tumor area on all
ections. This may be modified by taking into account
ross features. For example, if a 15-cm cyst demon-
trates a 1-cm papillary excrescence that microscopi-
ally demonstrates classic S-BOT, and the remainder of
he cyst has a smooth attenuated lining both grossly and

icroscopically, then the borderline focus is consid-
red to comprise �10% of the tumor. Because it would
e appropriate to oversample the excrescence com-
ared with the smooth lining of the cyst, it would be

nappropriate to estimate the percentage of borderline
umor from the total area represented on the slides.

nvasion (stromal invasion; infiltrative destructive
rowth; destructive infiltrative growth; invasive
arcinoma).

Invasion in the setting of ovarian epithelial tumors
s equated with invasive carcinoma and with “infiltrative
estructive growth,” the phrase used in the 1971 FIGO
efinition.54 There are several different patterns of in-
asion, none of which is unique to the ovaries. The
ost widely accepted patterns of invasion in primary

varian epithelial tumors include (1) single cells infil-
rating the stroma; (2) glands, papillae, and/or solid
ests displaying a haphazard infiltrative pattern; and
3) solid sheets of epithelial cells. These patterns may
lso be seen in peritoneal implants, except that in
oninvasive desmoplastic implants, single cells are of-

en found dispersed in the stroma and are not consid-
red invasive by most participants. In some settings,

onfluence is believed to reflect invasion (see below).
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TERMINOLOGY AND DIAGNOSTIC CRITERIA FOR BOT (Seidman et al)
onfluence (confluent epithelial proliferation).

In the context of glands lined by neoplastic cells,
onfluence is characterized by a back-to-back glandular
roliferation, often with a cribriform pattern lacking

ntervening stroma, resulting in a labyrinthine pattern.
apillary and solid patterns of epithelial proliferation
ay also display confluence. In some settings, conflu-

nce is considered evidence of invasion; however, this is
subjective assessment, and a specific size criterion at
hich confluence reflects invasion has not been vali-
ated. It is generally agreed that this is a difficult area
nd that there is no specific known size threshold at
hich a confluent proliferation is diagnostic of an in-
asive process.

xophytic.

An exophytic ovarian tumor is characterized by
apillae that project from the ovarian surface or tumor
urface into the peritoneal cavity.

varian surface involvement.

The intent of the assessment of “ovarian surface
nvolvement” is to determine whether tumor cells are
xposed to the peritoneal cavity by virtue of the gross
rchitecture of the tumor. Thus, exophytic papillae
ined by tumor cells that project from the surface of the
vary reflect ovarian surface involvement. Tumors that
re entirely intracystic are not considered to demon-
trate ovarian surface involvement. The presence or
bsence of tumor rupture or tumor cells in peritoneal
ashings or ascites does not influence this assessment.

ytologically malignant, morphologically
oninvasive serous tumors.

Although many experts classify such tumors as in-
asive serous carcinomas,2 some participants prefer “se-
ous carcinoma” (not otherwise specified) without ap-
ending “invasive,” to acknowledge that the invasive
roperties of these unusual neoplasms have not been
efined. It is possible that these are in situ carcinomas.
here are virtually no published data on the behavior
f this type of tumor. More extensive sampling for
istological examination is recommended, because ar-
as of invasion are usually found in such tumors.

IGO staging.

Patients with borderline tumors confined to the
varies are FIGO stage I. Patients with pelvic peritoneal

mplants are FIGO stage II, and those with implants
eyond the pelvis and/or with lymph node involvement
re FIGO stage III. Stage IV borderline tumors (ie,
hose with parenchymal liver involvement or tumor
eyond the peritoneal cavity) are exceedingly rare.3 If a
orderline tumor appears to be stage IV, then further
ampling of the primary tumor and implants to identify
reas of obvious invasive carcinoma is recommended.
ubstages are defined as for ovarian cancer according

55
o FIGO. Some participants believe that the use of the o
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erm “staging” is misleading because it implies “malig-
ancy,” and, with the exception of tumors with invasive
eritoneal implants, nearly all borderline tumors have a
enign behavior.7,8

PPENDIX B: SPECIMEN HANDLING AND
EPORTING

Producing clear, detailed surgical pathology re-
orts is critical for BOTs. Patients may present with
uspected “recurrences” years after presentation, when
he original blocks may no longer be available, the
lides are faded or missing, and the patient’s physicians
ave retired. Generating a report that can withstand

he test of time requires systematic attention to details
elated to (1) the gross pathology of the specimen, (2)
he procedure for prosection and sampling for histol-
gy, and (3) particular diagnostic features and details.

It is recognized that the diagnosis of a BOT may
rst be considered only after the initial gross examina-

ion has been completed. In addition, ovarian tumors
re often initially examined intraoperatively when time
onstraints exist. Therefore, the suggestions offered
ere may need to be applied retrospectively after slide
eview.

Specimens should be sent to pathology unopened
nd oriented. The unopened specimen should be
eighed and measured. Involvement of the outer sur-

ace by adhesions, papillae, ruptured cysts, or rough
reas should be recorded; if absent, this should be
xplicitly stated in the gross description. Examination
f the specimen in consultation with the surgeon is
ncouraged, because the surgeon can often provide
seful information related to sites of adhesion, density
f adhesions, and time and location of rupture, if
resent. Inking of the surface in areas suspected of
urface involvement can be of value in documenting
urface involvement. Cystic locules should be opened,
nd the quantity, color, and consistency of cyst fluid
escribed. The number and size range of cysts should
e documented, and the distribution, size, nodularity
nd firmness of solid areas and papillae recorded. The
resence of identifiable uninvolved ovarian tissue
hould be documented, especially in cystectomies. Pho-
ographing the specimen before and after sectioning,
ith attention to surface involvement and/or unusual

eatures, can be of value.
Submission of appropriate sections and written

ocumentation of the extent of sampling, especially
ith respect to reflecting grossly heterogeneous areas,
re critical. It is important to sample and document
dequate histological examination of solid or nodular
reas, papillations, grossly distinctive foci, hemorrhagic
reas, the ovarian surface, the tumor surface, and nor-
al ovary, if possible. In general, tumors �10 cm

hould be sampled with a minimum of 1 section per
entimeter of maximum tumor dimension. If the tu-
or is �10 cm, obtaining 2 sections per centimeter of
aximum tumor dimension is recommended because
f the exponential increase in tumor volume with lin-
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ar increases in the diameter. Of note, these sampling
ecommendations have not been validated. These
uidelines can be modified if there are large, smooth-
alled cystic areas that are grossly benign and do not
eed to be extensively sampled. If unresolved questions
emain after microscopic examination, then additional
issue should be embedded and documented in the
ross pathology report.

All peritoneum submitted, including uterine se-
osa if present, should be meticulously examined. Peri-
oneal implants may appear as plaques, fine or course
ranules, firm fibrous areas, nondescript roughened
reas, or a thin yellow or tan exudate. The fallopian
ube serosa should be carefully examined and the tube
erially sectioned at about 2-mm intervals. A grossly
ormal contralateral ovary and/or tube should be me-

iculously examined with particular attention to the
eritoneal surfaces. Embedding an entire grossly nor-
al ovary and/or tube can be of value. A grossly normal

mentum should be meticulously examined and liber-
lly sampled with at least 1 section per 2 cm of maxi-
um dimension. (This recommendation has not been

alidated.) Of note, in one study of women with ovarian
arcinoma, in cases with a grossly normal omentum,
2% contained metastatic carcinoma.56 There are no
nalogous published data for BOTs.

The value of gross assessment in distinguishing
arcinoma metastatic to the ovary from a primary ovar-
an tumor has received considerable attention, partic-
larly with respect to mucinous tumors.2,3,45,57 Docu-
entation of a single tumor mass (vs multiple masses or
multinodular mass) and unilateral disease support a
iagnosis of an M-BOT. If an appendix is submitted,
he organ should be embedded in its entirety.

The diagnostic section of the report should indi-
ate the histological tumor type and whether surface
nvolvement was present. For serous tumors, the pres-
nce of micropapillary foci (if �5 mm) should be
oted, and, if present, the gross specimen should be
eexamined and additional sections processed. If mi-
roinvasion and/or intraglandular/in situ carcinoma
re present, then the size, multiplicity, and histological
ppearance of the focus or foci should be described in
comment with specific reference to slide numbers.

rocessing of additional sections can also be of value in
uch cases. Coexisting lesions, such as teratoma, endo-
etriosis, endosalpingiosis, Brenner (transitional cell)

umor, and mural nodules, should be noted. Noting
he absence of such lesions can be of value for muci-
ous tumors. In a comment, it can be of value to
ocument information supplied by the operating sur-
eon that does not appear elsewhere in the pathology
eport, such as the time of rupture (ie, preoperative or
ntraoperative; if intraoperative, before or after perito-
eal washings were obtained).
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